aBstraCt introduCtion. The aim of the study was to evaluate the retinal nerve fibre layer (RNFL) thickness loss in primary open-angle glaucoma (POAG) patients treated topically with anti-glaucoma drops containing brimonidine and timolol combination or solely timolol. MateriaLs and Methods. Retrospective case series study of patients with POAG diagnosis followed up for a five-year period. Inclusion criteria were fulfilled by a group of 98 patients consisting of 53 combination and 45 monotherapy treatments. Intraocular pressure (IOP) at the level of 21 mm Hg or below for each measurement was observed in 52 patients, while incidences of pressure above 21 mm Hg were measured in 46 patients. POAG diagnosis was based on standard optical coherence tomography, IOP, and visual field examinations. resuLts. Mean annual loss of RNFL thickness in the overall study group (if IOP levels are not taken into consideration) treated with timolol monotherapy was 1.8 ± 1.5 μm, while in group treated with brimonidine + timolol combination therapy it was 1.7 ± 1.5 μm (p > 0.05). In selected groups of patients with incidents of pressure rises, the mean annual loss of retinal nerve fibre layer thickness was 1.8 ± 1.6 and 1.9 ± 1.4 μm, respectively, for the monotherapy and combination therapy groups (p > 0.05). In the group of patients with no reported IOL rises, mean annual loss of RNFL thickness was 1.8 ± 0.9 and 1.1 ± 0.4 μm, respectively, for the monotherapy and combination therapy groups (p < 0.01). No significant differences were observed for the visual field mean deviation. ConCLusions. POAG patients with low values of IOP might achieve slower progression of RNFL thinning on brimonidine combined with timolol therapy.
introduCtion
According to the World Health Organization, glaucoma is the second most common cause of blindness worldwide [1] . A basic measurable pathogenic factor of glaucomatous injury to the optic nerve is increased intraocular pressure (IOP), which is associated with 70% of cases [2, 3] .
Current glaucoma treatment focuses only on lowering the increased IOP; however, active research is taking place of mechanisms that evoke retinal ganglion cell (RGC) damage aiming to find a new neuroprotective target to prevent blindness [4] . Brimonidine, a 2 -adrenergic receptor agonist, has been documented to have neuroprotective potential under experimental conditions, while clinical trials do not unequivocally support this discovery [4] [5] [6] [7] [8] [9] .
We report a five-year retrospective analysis of retinal nerve fibre layer (RNFL) thickness, IOP, and visual field (VF) of primary open angle glaucoma (POAG) patients treated with either topical brimonidine/timolol combination therapy or solely with timolol.
MateriaLs and Methods
A five-year retrospective analysis of 1800 POAG patients was performed, from among of which we selected patients fulfilling the inclusion criteria: availability of annual ocular coherence tomography (OCT) data (TD-OCT Stratus; Carl Zeiss Meditec, Dublin, CA, USA) and VF (30-2 Humphrey test, Humphrey 740, Carl Zeiss Meditec, Dublin, CA, USA) for five years, at least three annual IOP measurements (Goldmann Applanatory Tonometer, GAT, Haag-Streit AG, Switzerland), and continuous five-year treatment with either a combination of topical brimonidine + timolol (Combigan, Allergan, Irvine, CA, USA) or solely with timolol (Oftensin 0.5%, Polpharma, Warsaw, Poland). Based on the above criteria, 98 patients (69 females and 29 males, in the age range 38 to 89 years) were included in study group. All patients' mean five-year IOP was below the normative 21 mm Hg; howe ver, we observed patients who tended to have single, short-lasting IOP elevations above 21 mm Hg. Patients were divided into the following groups: group BT (n = 53 patients, 104 eyes) -all patients treated with brimonidine + timolol combination therapy; group T (n = 45 patients, 89 eyes) -all patients treated with timolol monotherapy; group BT 
resuLts
Mean five-year IOP values, as well as input RNFL thickness, were not significantly different between groups (p > 0.05, Mann Whitney U-test; Tab. 1). No statistically significant differences for the mean values of MD, mean final RNFL thickness, loss of RNFL thickness, or the annual rate of loss (p > 0.05, Mann Whitney U-test) were seen between groups BT and T (Tab. 1; Fig. 1 A-C) . In these groups the presence of reported increases of IOP above 21 mm Hg affected RNFL thickness (p < 0.03, Mann Whitney U-test). Therefore, overall patients' groups were divided into subgroups with or without reported single IOP rises.
groups With reported iop eLeVations
No statistical significance between the BT + and T + groups was observed for mean values of the MD change, the mean final RNFL thickness, the loss of RNFL thickness, or the annual rate of loss (p > 0.05, Mann-Whitney U-test) (Tab. 1; Fig. 1 D-F) .
groups With no reported iop eLeVations
In contrast to the group with reported IOP increase, the group with no single IOP elevations above 21 mm Hg (group BT -vs. group T -) showed statistically significant differences in the loss of RNFL thickness, the annual rate of RNFL loss (p < 0.01, Mann-Whitney U test), and the mean final RNFL thickness (p < 0.05, Mann-Whitney U test) but no difference in the mean MD change during follow-up time (p > 0.05, Mann-Whitney U test) (Tab. I; Fig. 1  G-I) . Interestingly, thinning of RNFL was significantly lower in patients without any reported elevations above the normative 21 mm Hg, if treatment with combination brimonidine + timolol therapy was applied, rather than if only timolol therapy was used.
disCussion
In this report, we showed limited morphological, but not functional, neuroprotective effect over a five-year period of topical brimonidine + timolol compared with timolol, administered twice daily in primary open-angle glaucoma patients, which was shown in reduced thinning of RNFL, but not in the Figure 1 . Comparison between study groups for retinal nerve fibre layer (RNFL) derived from ocular coherence tomography (OCT) and mead deviation (MD) derived from visual fields. a-C -comparison between group BT and T showed no statistical differences in MD changes, mean final RNFL thickness, and RNFL thickness loss rate. d-F -comparison between group BT + and T + showed no statistical differences in MD changes, mean final RNFL thickness, and RNFL thickness loss rate. g -comparison between group BT -and group T -showed no statistical differences in MD changes, but there was a significant difference in mean final RNFL thickness (h) and RFNL thickness loss rate (i) *Statistical significance; ns -not significant VF MD coefficient. Since no significant difference between IOP values in groups was observed, we estimate that the protective capacity of brimonidine is IOP-independent, although the exact molecular signalling mechanisms were not studied. In our study, patients with even single episodes of IOP rise above the normative 21 mm Hg did not show additional benefit from the brimonidine + timolol treatment, when compared to the timolol group. Other studies showed no evidence for the neuroprotective activity of brimonidine in patients with high-pressure acute angle closure glaucoma or high-pressure open-angle glaucoma [10, 11] . Similarly, Tsai and Chang showed that patients with mean IOP < 21 mm Hg treated with brimonidine appear to have lower RNFL loss compared to patients treated with timolol over a 12-month period [10] . In a low-tension glaucoma study, Krupin et al. reported that patients treated with topical brimonidine were less likely to have visual field progression than patients treated with topical timolol only [9] . Similar observations were done by Evans et al. using contrast sensitivity test as a tool to evaluate visual function [7] . Sebastiani et al. and Wessel et al. independently documented that the mean annual RNFL thickness loss in glaucoma patients varies between 1.1 and 2.1 μm/year, while in healthy eyes the thickness loss is estimated to be 0.5-0.6 μm/year [12, 13] . In our study, the mean RNFL loss varied between 1.7 and 1.8 μm/year. It is known that IOP higher than 17 mm Hg induces an additional 0.05 μm/year RNFL loss for each increased 1 mm Hg [14, 15] . Surprisingly, even single, short-lasting IOP peaks above 21 mm Hg in our analysis, significantly decreased RNFL thickness, although mean IOP remained within the normal levels. Thus, it might be essential to observe daily fluctuations, especially in glaucoma patients who show disease progression. Retinal thickness analysis with the time domain OCT is commonly considered to be less reliable compared with the spectral domain OCT; however, numerous reports suggest that TD OCT is as reliable as SD OCT to measure RNFL thickness and glaucoma progression [15, 17] .
ConCLusions
Our results revealed that topical combination of brimonidine and timolol rather than timolol only may have an additional neuroprotective capacity in certain POAG patients who might depend on the IOP spikes, and even short-lasting single elevations of IOP may accelerate RNFL thinning.
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